Abstract Three cases of carrion-feeding with remains of artiodactyls (0.3%, n=1104 samples with food remains) have been documented in a long term diet study of Eurasian Eagle-owls (Bubo bubo) in 53 localities at Southeastern Bulgaria. Bone pieces of a sheep/goat (Ovis aries/Carpa hircus), a Fallow Deer (Dama dama) and a Domestic Pig (Sus scrofa dom.) in three Eurasian Eagle-owl breeding localities (5.7%) prove extremely rare feeding on carrion. Northern White-breasted Hedgehog (Erinaceus roumanicus), rats (Rattus sp.), waterbirds and gallinaceous birds (total 59.5-72.6% by biomass) constituted the main portion of the diets with carrion remains. The comparisons between food niche breadths, diet composition, average prey biomass and values of superpredation of the annual diets in the three localities have not supported the carrion-feeding of the Eurasian Eagle-owl as a result of food shortages.
Introduction
Carrion use is widespread among many omnivorous and animal eating birds and is a key factor in evolution of some groups as diurnal birds of prey (del Hoyo et al. 1994 , DeVault et al. 2003 , Selva et al. 2005 , Selva & Fortuna 2007 , Moleón et al. 2014 , Nagy & Tökölyi 2014 , Nagy et al. 2017 . Owls are predatory birds that have adapted for hunting in the limited light at night. They rely on perfect hearing and good eyesight to locate prey, but their sense of smell is not developed (del Hoyo et al. 1999 , Mebs & Scherzinger 2008 ). The latter severely limits the probability of finding a carcass at night. At the same time, numerous feeding studies are exclusively based on the analysis of owl pellets and other food remains, and direct observations are rarity (del Hoyo et al. 1999 , Mebs & Scherzinger 2008 . Accordingly, feeding on carrion could be proved very difficult and has been reported for a few owl species (review in Allen & Taylor 2013 , Mori et al. 2014 . Carrion-feeding by owls has been interpreted mostly with food scarcity and higher energetic needs in the winter or during the breeding period (Serrano 2000 , Díaz-Ruiz et al. 2010 , Kapfer et al. 2011 , Welch 2012 , Allen & Taylor 2013 , Mori et al. 2014 .
The Eurasian Eagle-owl (Bubo bubo) hunts opportunistically on a wide variety of vertebrates and some large invertebrates, but prefers usually mammals and birds weighting between 200 and 1900 g (Glutz von Blotzheim & Bauer 1994) . As the majority of owls, it relies on hunting mainly by keen hearing in the night (del Hoyo et al. 1999 , Mebs & Scherzinger 2008 Here, we present data on the use of carrion by Eurasian Eagle-owls as an exceptionally rare phenomenon in Bulgarian diets. Explanation about the established consumption of carrion is searched by comparing characteristics of the diet over the years.
Material and methods
Food remains (intact and disintegrated pellets, skin, feathers, etc.) were collected from and around the nest and places for day roosting in 53 Eurasian Eagle-owl breeding localities in SE Bulgaria between 1994 and 2015. This area includes mainly hilly and plane territory around 10,000 km² (see also Milchev & Georgiev 2012) . The localities are not specified due to conservation considerations. The samples (n=1104) with food remains were gathered from three visiting periods annually in localities, where at least one young fledged successfully: 1) end of April -first week of May; 2) end of May -beginning of June; 3) end of August -beginning of September. The later Eurasian Eagle-owl clutches were studied additionally in late June -July, while the unsuccessful nests dropped from repeated visits.
The mammals were identified according to Görner and Hackethal (1987) , Popov and Sedefchev (2003) , Bowen et al. (2016) and the authors' comparative collections. Other taxa were determined using the comparative collections of the National Museum of Natural History in Sofia (NMNHS), where the osteological materials were deposited. The minimum number of prey individuals were based on mainly remains and fragments of crania, mandibles and pelvic of mammals, reptiles, amphibians and fish, but also limb bones and pectoral girdles of birds. The number of invertebrates was estimated mostly on head fragments, prothoraces, wingcases and legs. These estimations followed the procedures recommen ded by Frey (1973) . The bird feathers identified to the species level were compared with the list of bone determinations from the same sample, and any species missing in the bone samples were added to the species list. The biomass was calculated after Glutz von Blotzheim and Bauer (1994), Popov and Sedefchev (2003) . The proportion of predatory mammals and birds in diet formed the value of superpredation, which corresponds positively to the level of food stress (Lourenço et al. 2011 (Lourenço et al. , 2013 .
Food niche breadth (FNB) was calculated as follows:
where p i is the proportion of prey taxon i in the Eurasian Eagle-owl diet (Levins 1968) . Larger values of this index indicate a higher dietary diversity. The means were arithmetic mean ± standard deviation.
Results
Bones from three artiodactyls were found singly in samples with food remains (0.3%, n=1104 samples) in three Eurasian Eagle-owl localities (5.7%, n=53 localities). The diet composition in the three localities was determined based on the remains of 5893 specimens distributed among 156 identified taxa of vertebrates and 19 taxa of arthropods, with prevalence of birds (120 taxa, 68.6%) (Appendix 1). Northern White-breasted Hedgehog (Erinaceus roumanicus), rats (Rattus spp.), waterbirds and gallinaceous birds (total 59.5-72.6% by biomass) constituted the main portion of the diets. A piece of axis of a subadult Sheep (Ovis aries) or Goat (Carpa hircus) (No. RM 1046 in NMNHS collection) was found in one nest site on April 24 th 1996. The piece has been separated from the vertebrae with something like a hatchet, according to the well-defined outlines of cutting. A detached sheep-farm about 1180 m from the Eurasian Eagle-owl nest was the most probable source of the carrion as well as of Norway Rats (Rattus norvegicus), which formed 8.9% by number and 19.2% by prey biomass of the same food sample. The pair bred successfully with two fledged juveniles in 1996. The Northern White-breasted Hedgehog was the most important prey (33% by biomass) followed by gallinaceous birds, waterbirds and rats (total 72.6% by biomass), (Table 1 ). The same group of prey constituted the main portion in the diets between 1994 and 1999 (70.6±2.7%, range 65.9-72.6% by biomass) (Figure 1a ). Some smaller prey such as thrushes (Turdus sp.), field mice (Apodemus spp.) and amphibians were caught more rarely in 1996 (Table 1 ).The food niche was narrower and the mean prey biomass higher in 1996 than the averages in this locality (Table 1) . Respectively, the value of superpredation was lower than the average.
A pellet with remains of a Norway Rat contained a left semi-mandible fragment with a first molar of a juvenile Fallow Deer (Dama dama) about four months old (L=15.8 mm occl; No. RM 1045 in NMNHS collection). The pellet was taken below the rock used by the female Eurasian Eagle-owl for day roosting on April 21 st 2002. The carcass of the shooting male (skeleton No 23/2002, in NMNHS collection) with severed feet explained the destruction of the nest containing eggs some weeks ago. Reintroduced Fallow Deers inhabit mainly specialized hunting ranges in Bulgaria. The nearest range is about 45 km far from the study locality. An illegal dump including meat waste was situated 400 m from the breeding locality. The dump was the most probable source of rats as main prey in 2002 (15.4% by prey number, 32.2% by prey biomass) (Table 2 ) and the piece of Fallow deer mandible. Rats dominated in the food biomass in seven diets between 1996 and 2010 (77.8%, n=9 diets), (Table 2) . Waterbirds took second place (19.9% by biomass) in 2002 but were the most important prey (22.9% by biomass) in the next year (Figure 1b) . The values of FNB, mean prey biomass and superpredation in 2002 were below the averages in this locality (Table 2) . Humerus with a length of 5 cm from the right forelimb of a suckling pig Sus scrofa (No. RM 1044 in NMNHS collection) was identified in food remains, which have been accumulated by an Eurasian Eagle-owl family in the period of May 23 rd -July 23 rd 2011. The breeding locality was situated in a mostly open landscape between two villages spaced respectively 2200 and 2300 m of it. The owls preyed upon waterbirds, which accounted for about a fifth of the food (Table 3) , in a reservoir with a detached retail holding at distance of about 1650 m. The last place and the two villages were possible sources of the carcass of suckling. The Eurasian Eagle-owl pair bred later with one fledgling in 2011. Northern White-breasted Hedgehogs were the most important prey (39.0% by biomass) and together with waterbirds and European Hares (Lepus europaeus) comprised the main share of the diet in 2011. The same prey group in different proportions formed 75.8% and 80.5% by diet biomass in the next two years (Figure 1c) . FNB and the mean prey biomass in 2011 were close to the averages, while the level of superpredation was one of the lowest for this locality (Table 3 ).
Discussion
Remains of three artiodactyls were the only evidence of eating carrion by Eurasian Eagleowls in Bulgaria. They have been taken as a food accidentally according to their paltry frequency of occurrence in diets and in breeding localities. Тhe Eurasian Eagle-owls in the three localities were not re-feeding on carrion in this long term study of their diets in contrast to the use of farm chicken carcasses by a Spanish local population (Serrano 2000) . Scavenging might relate mostly with higher energy requirements during the breeding period and use of carrion as profitable food source when it is available to the Eurasian Eagle-owl (Serrano 2000 , Díaz-Ruiz et al. 2010 ). The present study corresponds with this assumption but does not support the carrion-feeding by the Eurasian Eagle-owl as consequence of a food shortage. The diets including carrion did not distinguish from others in the respective localities with very low average prey biomass or sharply expanding food niche, which indicate unfavorable food supply (Glutz von Blotzheim & Bauer 1994 , Penteriani et al. 2005 . The level of superpredation as a measure of food stress (Lourenço et al. 2011) in years with carrion consumption was lower than the average in the relevant locality. Three to five prey groups constituted the main part of the biomass (cumulatively 70%) in the three diets including carcasses and the Northern White-breasted Hedgehog dominated in the two of them. The high share of Northern White-breasted Hedgehog in food biomass as one of the most important prey is common in diets on Balkan Penninsula (Papageorgiou et al. 1993 , Simeonov et al. 1998 , Mihelič 2002 , Sándor & Ionescu 2009 , Milchev & Gruychev 2015 , Milchev 2016 as in Central Europe as well (Glutz von Blotzheim & Bauer 1994) . The larger catch of Northern White-breasted Hedgehogs and other prey from the preferred weight group as European Hares, rats, waterbirds and gallinaceous birds connects with good food supply. The opposite is usually true for higher consumption of small passerine birds and amphibians, which indicate poor food supply (Glutz von Blotzheim & Bauer 1994) .
Rats were important for prey biomass in two of the diets with carrion. The Eurasian Eagleowl apparently prefers hunting upon rats in many parts of its range (del Hoyo et al. 1999 , Mebs & Scherzinger 2008 including Balkan Penninsula (Simeonov et all. 1998 , Mihelič 2002 , Sándor & Ionescu 2009 , Milchev & Gruychev 2016 . Rats are numerous near dumps, livestock farms, etc., but hunting them by Eurasian Eagle-owl is not bound to correlate with the regular occurrence of carcass in owl diets in Bulgaria. Mebs and Scherzinger (2008) warn that the Eurasian Eagle-owls accustomed to eating carrion are at increased risk of death due to ingestion of sharp objects. The Eurasian Eagleowl is an "endangered species" according to the national Red Data Book (Golemanski 2015) but such potential threat is not significant because of extremely rare carrion-feeding by the local population. 
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